The majority of the reference data on ambulatory blood 84.4 ± 7.7 mm Hg (95% CI 82.5, 86.4). 
Introduction
chronic diseases (coronary artery disease, peripheral The diagnosis of hypertension has traditionally been atherosclerosis, diabetes mellitus) or elevated BP. based on clinic (BP) measurements. In most cases
The rest of the study subjects either reported a these measurements can differentiate hypertension chronic disease, had antihypertensive medication or from normotension, but a significant proportion of elevated BP, could not wear the monitor due to shift people diagnosed as hypertensive and given medical work or other circumstances at work, or had signs treatment have normal BP. 1 In addition, accurate of ischemia on exercise stress test. The evaluable data on BP changes during the day can only be prosubjects all had a daytime job and they did not take vided by ambulatory BP (ABP) measurements. 2 Sevany medication during the monitoring period. The eral studies have provided reference values for study was approved by the Ethical Committee of ABP. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] However, the diurnal variation of BP is Tampere University Hospital, and all participants commonly based on measurements within a fixed gave their informed consent. time window and not according to the individual day-night rhythm of the subjects. [3] [4] [5] The aim of this Twenty-four-hour BP measurements study was to determine: (1) the variation and referAll ABP measurements were taken on a normal ence values for ABP; (2) the decrease of BP from working day with an auscultatory device (Diasys awake to sleep; and (3) the prevalence of non-dip-200R, Novacor S.A., Rueil-Malmaison, France) pers in a normotensive, clinically healthy, middlewhich has been previously validated and considered aged male population according to patient diaries.
acceptably accurate for ABP measurements of low to moderately elevated pressures. 13 The monitor was
Subjects and methods
attached between 08.00 and 10.00 hours, and the monitoring was completed the following day at the Subjects same time. The monitor was calibrated with a merThe study population consisted of 223 men, 50-59 cury sphygmomanometer at the beginning and the years of age, living in the city of Tampere in southend of the period. If there was a difference of 6 ern Finland. Twenty-four-hour ABP measurements mm Hg or more from the values of the monitor, the were taken for a selected subgroup of 69 normotenscuff was attached properly and monitoring was started; if a 6 mm Hg or greater discrepancy was recorded at the end of the measurement, the moni- The monitoring was conducted on 69 men, for 63 of them the recording was successful. Four subjects inflation, cuff pressure or interference with their work). The subjects were also asked whether the were excluded because of a technically poor recording (Ͼ20% of measurements rejected) and three monitoring was unpleasant in general, and they assessed the quality of their sleep (eg, minimum = because of BP suggestive of hypertension (24-h average Ͼ150/100 mm Hg). The mean age of the popunormal sleep, maximum = no sleep). None of the participants were excluded due to disturbed day lation was 53.7 years, and mean body mass index 26.1 kg/m 2 . Resting and stress ECGs were normal. or sleep.
All BP measurements were divided into daytime The distribution of individual systolic and diastolic ABPs and heart rates when awake and when asleep and night time values according to the diary. Night time was defined as the time from going to bed in is shown in Figure 1 . The number of valid measurements was 61 ± 4.2 (range 42-68) when awake and the evening to the time of getting up in the morning. To exclude artefacts, BP and heart rate values 14 ± 3 (range 8-20) during sleep, respectively, and 76 ± 4.5 (range 55-81) over 24 h. exceeding the following limits were rejected:
14 systolic BP (SBP) Ͼ245 mm Hg or Ͻ70 mm Hg; dias-
The measured BPs were evenly distributed except for the night time diastolic pressure and heart rate tolic BP (DBP) Ͼ140 mm Hg or Ͻ40 mm Hg; pulse pressure Ͼ140 mm Hg or Ͻ14 mm Hg; and heart rate which were slightly right-skewed. A total of 90% of all awake systolic pressures were below 140 mm Hg, Ͼ180 bpm or Ͻ40 bpm. Subjects were also excluded if at least 20% of all measurements were rejected.
while 94% of asleep values were below 120 mm Hg.
Similarly, 70% of all the diastolic pressures were Artefactual readings were excluded manually, and the data was stored in a personal computer for below 90 mm Hg during the waking hours, and 80% were below 80 mm Hg when the subjects were further analysis. The following parameters were computed: average 24-h SBP (24-SBP) and DBP (24- asleep.
The overall mean 24-h ABP was 114.4/80.4 DBP), average SBP/DBP pressure when awake and when asleep (SBP/DBP awake; SBP/DBP asleep), mm Hg, 120.5/84.4 mm Hg when awake and 101.2/71.7 mm Hg when asleep. Table 1 presents the average 5-h daytime/evening/night time pressures corresponding to the first 5 h at work, in the evening BPs and heart rates according to daily activity, as well as the 5-h values while at work, in the evening at home and the first 5 h asleep (SBP-5d/DBP-5d; SBP-5e/DBP-5e; SBP-5n/DBP-5n), awake-asleep BP and during the first 5 h of sleep. BP readings were 5/4 mm Hg higher on average at work than at home, difference, BP load when awake and when asleep for SBP and DBP (SBP/DBP Ͼ140/90 mm Hg awake, and they dropped markedly when the subjects went to bed. The awake-sleep BP differences for systolic Ͼ120/80 mm Hg asleep), and corresponding heart rates. Individual time limits were defined from the and diastolic pressure were 19.2 ± 7.0 mm Hg (range −0.8 to +35.2) and 12.7 ± 6.0 mm Hg (range +0.1 to diary.
+25.4), respectively ( Figure 2 ). The number of nondippers (SBP/DBP decrease Ͻ10%) was eight (13%) Other methods and 15 (24%), respectively. The resting SBP correlated best with the mean sysAnthropometric data was collected by standardized techniques. Body height (cm) and weight (kg) were tolic 24-h pressure (r = 0.61) and resting DBP with the mean diastolic pressure at work (r = 0.59). measured. Resting and exercise stress electrocardiography were recorded by the modified Mason-Likar 12-lead system (Marquette CASE 12, Marquette ElecDiscussion tronics, USA). An averaged horizontal or downsloping ST segment shift of at least 0.10 mV in any lead ABP measurement has been found to be a superior method for assessing the effect of BP on target organs or a ST/HR slope of at least 2.4 uV/beats/min was considered diagnostic of myocardial ischaemia. The and long-term prognosis. 15, 16 However, the majority of investigators have determined normal values exercise test was done on a bicycle with 20 watt/min increments up to maximum effort.
according to fixed day-night hours irrespective of the subject's daily rhythm. [3] [4] [5] [6] [7] 10, [17] [18] [19] [20] [21] Before the ABP measurement, resting BP was recorded on a separate occasion between 07.30 and In a study by Pickering et al 3 in the early 1980's, 25 normotensive males and females were compared 10.00 hours three times in a supine position using a mercury sphygmomanometer. The measurement with 25 borderline and 25 established hypertensive subjects. They used a protocol similar to ours. Our was taken from the dominant arm after 15 min of rest. The mean of three systolic and diastolic BP results exceeded their values by 5-6 mm Hg during work, 4/4 mm Hg for the evening, 4/8 mm Hg measurements was recorded as resting BP. If the BP was normal (Ͻ140/90 mm Hg), the subject was for sleep and 0/4 mm Hg for the average 24-h ABP. Although the two normotensive groups had compaincluded in the study. All BP measurements were taken by two trained nurses whose audiograms rable ABPs, the somewhat higher values in our population could be attributed to the older age of were normal.
The values for ABP are expressed as means, stanour subjects (31 ± 8 vs 54 ± 4 years). The night-day SBP/DBP-5d indicates systolic and diastolic BP during the day at work; SBP/DBP-5e systolic and diastolic BP in the evening at home; SBP/DBP-5n systolic and diastolic BP during sleep, SBP/DBP-24h mean 24-h systolic and diastolic BP, and SBP/DBP resting systolic and diastolic BP. The corresponding values are presented for heart rate (HR).
BP ratios for systolic and diastolic pressures were was conducted by Imai et al 7 in a small Japanese community. A total of 474 untreated men and 0.83 from 0.80, which indicates a comparable decrease from daytime to sleeping BP values. BP women were included in the analysis. In that study, systolic pressures for middle-aged men were slightly variability, as assessed by s.d., was similar in both studies.
higher, but 24-h diastolic pressures, 120/72 mm Hg, were markedly lower than our results. The differOne of the largest studies of a random population tensive people in this selected population was clearly higher, but the diastolic pressure was similar to our results for men of about the same age but from several socioeconomic classes.
Staessen et al 23 have conducted a meta-analysis of 23 ABP studies including more than 3400 subjects. The following reference values were computed: 24-h average 97-139/57-87 mm Hg, daytime 101-146/61-91 mm Hg, and night time 86-127/48-79 mm Hg. It is to be noted that these figures were not derived from prospective studies on ABP level with regard to complications of hypertension. Our findings indicate a somewhat lower level for SBP than the average in Staessen et al 23 but the diastolic pressure was 8 mm Hg higher in our study. Despite some differences, our results agree with their results. Our higher DBP could be due to the older age and the male gender, but is it normal? Devereux et al 24 compared normotensive people with hypertensives with left ventricular hypertrophy (LVH). Normal values for the waking period were 134/89 ± 14/10 mm Hg whereas people with concentric hypertrophy averaged 154/100 ± 15/12 mm Hg. Taken the ±2 s.d. as a reference limit for normotensive people without LVH, the DBP in the present study can also be considered normal. In addition, people with normal left ventricular diastolic function (mitral E/AϾ1) had higher 24-h ABPs than in the present study (135/86 vs 114/80 mm Hg). 25 Since the resting and exercise ECG's were normal in our men, we believe that their gested to be associated with target organ damage: hypertensive patients who show an overnight fall of ABP (dippers) may have less extensive LVH and less ences between the two populations cannot be explained on the basis of the data available, but frequent cardiovascular accidents than non-dippers, 26, 27 although the significance of this finding has racial and related differences may be involved.
19
Another major study was conducted by Staessen et been recently questioned. 28 Normal populations have not been extensively studied in this respect. al 6 in Belgium on 159 men and 169 women, aged 20 to 81 years. The 24-h BP averaged 118/71 mm Hg, However, since the BP fall during the night did not correlate with LVH in a large Chinese population 29 with a daytime BP of 124/76 mm Hg and a night time pressure of 108/62 mm Hg. The women had (non-dippers 73-88% of the study subjects), the prevalence of non-dippers should be assessed in lower BPs than the men. The markedly lower diastolic pressures in these subjects may have been due healthy men and women in different populations before the relationship of this variable to LVH can to the lower age and the pooling of the results of men and women. Enström et al 22 compared ambulatbe assessed. Our men had almost identical awakesleep BP differences irrespective of the 24-h ABP ory pressures in normotensive, borderline and established hypertensive Swedish men. The subjects, a level ( Figure 2 ). Moreover, in spite of the higher diastolic pressures in our study, our men did not representative sample of the local population, were screened for hypertension before the ambulatory have signs of coronary artery disease on exercise stress test or LVH on resting ECG. This was also true measurements. Here again the systolic pressures were 5-6 mm Hg higher than those recorded in our of non-dippers. The accuracy of the BP monitor used in this study was, although not optimal, acceptable study, while the diastolic pressures were 5 mm Hg lower during the day and at night.
in the pressure range measured and probably does not explain the somewhat high diastolic pressure.
13
In contrast to the above mentioned population studies O'Brien et al 4 took ABP measurements of It could be claimed, that since familiarizing was not done, the study group might in fact include hyper-776 healthy Irish bank employees and compared them with 637 hypertensives. The waking period tensives. However, Finns are accustomed to health examinations and BP measurements in schools, at was restricted from 10.00 to 19.50 hours and the sleep period from 01.00 to 05.59 hours. Daytime BP work sites and in health centres, which decreases the need for familiarizing. was 132/85 mm Hg for normotensive men aged 50 to 80 years (n = 64), which is 12/1 mm Hg higher
The major limitation of our study is that it included only men and the sample size was rather than what we measured. BPs were on average 3/4 -5 mm Hg lower for women than for the male small. However, the subjects were clinically healthy with no history of elevated BP or chronic diseases. employees of a comparable age. The SBP for normo- 
